Multivariate analysis of the association at baseline between problem drinking and cardiovascular risk factors among 1,233 white male employees of the Chicago Peoples Gas Company age 40-59 showed the 38 problem drinkers with significantly higher blood pressures and cigarette consumption and significantly lower relative weights than the others. Similar analyses among 1,899 white male employees of the Hawthorne Works of the Western Electric Company in Chicago age 40-55 showed the 117 men consuming 5 or more drinks per day with significantly higher blood pressures and
HEAVY CONSUMPTION OF ALCOHOL has come under increased scrutiny in the last few years, both as a potential risk factor for the adult cardiovascular diseases, and for possible associations with known cardiovascular risk factors as well.
Data from two prospective epidemiological studies in industry in Chicago provided an opportunity to examine both of these unresolved questions. This report thus focuses on the relationship between alcohol consumption and cardiovascular risk factors, and on the association between alcohol intake and mortality from cardiovascular and all causes in 1,233 white male employees of the Chicago Peoples Gas, Light, and Coke Company age 40-59 in 1958 and in 1,899 white male employees of the Hawthorne Works of the Western Electric Company in Chicago, age 40-55 in 1957.
Methods
The Chicago Peoples Gas, Light, and Coke Company study is a longitudinal investigation of the natural history, epidemiology, and etiology of the adult cardiovascular diseases in males whose ages fell between 40-59 years on 1 January 1958. Of the 1,594 male employees in this age range on that date, 1,465 (91.9%) underwent complete physical examination in 1958. This examination and other details of this study have been described at length elsewhere." 2 This paper reports on 1,233 white males with complete baseline data who were free of definite coronary heart disease on initial examination. These men have been followed long-term without systematic intervention.
Data on alcohol consumption were not collected on these men. However, the Gas Company Medical Department had cigarette use than the others. No significant differences were recorded between heavy drinkers and the others in serum cholesterol level.
The gas company problem drinkers had significantly higher 15year mortality rates from all causes, cardiovascular diseases, coronary heart disease, and sudden death. These differences could not be entirely explained by their blood pressure, smoking, and relative weight status. The Western Electric heavy drinkers had increased 10- year mortality rates both for all causes and noncardiovascular causes. a red-label file for men classified as problem drinkers. A man was so classified when unable to perform his job properly due to chronic problems with alcohol. He had a history of coming to work intoxicated and may have been suspended from his job at some time for alcohol abuse. In 1958-59 there were 38 men in the cohort of 1,233 who had been classified as problem drinkers by the Medical Department of the Gas Company. These 38 men constitute the high alcohol consumption group in the subsequent analyses for the Gas Company study.
The Chicago Western Electric Company study is a longterm investigation of coronary heart disease begun in the fall of 1957 among men, whose ages at that time ranged between 40-55, employed by the Hawthorne Works of the Western Electric Company in Chicago. The 5,397 men age 40-55 employed at the works for more than two years as of 1957 were assigned an identification number by a randomizing process. Members in the randomly selected group were invited to participate voluntarily by being called from the random list. Those who accepted the invitation underwent complete physical examination in late 1957 or in 1958. This examination and other details of this study have been described at length elsewhere.3 The response rate among those who were invited to participate was 67%. The group of 1,899 men considered in this report consists of white males free of definite coronary heart disease on initial examination with complete baseline data on all relevant variables. These men have been followed long-term without systematic intervention.
Data on alcohol consumption were obtained yearly as part of the annual physical examination and as part of a onetime nutrition survey taken during the first year of the study. The assessment of the amount of alcohol consumed for each individual is based on the data collected at the baseline physical examination, the first anniversary examination, and the nutrition survey. On each of these questionnaires the individual was asked for the number of drinks consumed per month for each type of alcoholic beverage: beer, whiskey, and wine. The size of the drink was monitored as much as possible; each drink described provided about 0.7 ounces or 21 grams of absolute alcohol. The numbers of drinks for each type of beverage were then added together to provide a total number of drinks per month for that questionnaire.
Based on a 30-day month, the means for the three surveys were 29.3, 30.6, and 32.7, and the standard deviations were 39.0, 38.7, and 43.0. The correlations between the three surveys ranged between 0.61 and 0.75. The lowest correlation was between the baseline physical exam and the nutrition survey, while the highest was between the nutrition survey and the first anniversary physical exam. A single alcohol consumption code was obtained for each individual by taking the maximum number of drinks per month for the three questionnaires. The maximum was selected instead of the average of the three because the maximum makes comparisons with studies which take only a single survey easier, and because it was felt that the maximum better minimizes the probability of a heavy drinker being classified as not heavy. In addition, the results are comparable whether one uses the maximum or the average. To facilitate comparisons with the Gas Company problem drinkers, each individual was also dichotomized with respect to alcohol consumption as heavy or not heavy, where heavy was defined as 5 or more drinks per day on any one of the three questionnaires. With this criterion, 117 of the 1,899 men were classified as heavy drinkers. This group of 117 men constitutes the high alcohol consumption group in the subsequent analyses for the Western Electric Company study.
The high intake groups in each study are compared with those consuming less alcohol for age, systolic blood pressure, diastolic blood pressure, heart rate or pulse, relative weight, cigarettes/day, and serum cholesterol. (Relative weight is the ratio of actual weight to desirable weight X 100, where desirable weight is obtained for a given height from tables published by the Metropolitan Life Insurance Company.4) The studies differ on the blood pressure coded for analysis. In the Gas Company the blood pressure coded was the lowest of four (5th phase) diastolic readings, along with its corresponding systolic, with the subject seated. In Western Electric the blood pressure coded was based on a single reading with the subject seated at the beginning of the examination. In the Gas Company, heart rate was calculated from the ECG. In the Western Electric Company, pulse was taken. The variables are compared for the two alcohol consumption groups within each study utilizing two sample t-tests for the univariate analyses and multiple logistic regression in the multivariate analyses.5 In addition, in the Western Electric study those variables which show a significant association with alcohol consumption based on the heavy-not heavy dichotomization are examined over the full range of alcohol consumption based on the maximum of the three codes.
The analysis of alcohol consumption and mortality is based on 15 years of follow-up in the Gas Company and on ten years of follow-up in Western Electric. Table 1 presents the baseline means for age, systolic blood pressure, diastolic blood pressure, heart rate, serum cholesterol, relative weight, and cigarettes/day for the 38 problem drinkers and the 1,195 nonproblem drinkers from the Chicago Peoples Gas Company. The t-value for the test of the hypothesis that there is no difference in the means for the two groups for each variable is also given. The univariate analyses show that the problem drinkers had a systolic blood pressure 8.5 mm Hg higher on the average than the rest of the men, a diastolic pressure 4.7 mm Hg higher, a heart rate 5.2 beats/min faster, smoked 7.9 more cigarettes/day -86.8% of the problem drinkers were smokers compared to 67.5% among the rest of the men -and had a relative weight 9.9 percentage points less than that of the rest of the men. Each of these differences is statistically significant in the univariate analyses. Although the problem drinkers had a mean serum cholesterol concentration 10 mg/dl less than that of the rest of the men, this difference is not statistically significant.
Results

Alcohol and Cardiovascular Risk Factors
Multivariate analysis using multiple logistic regression with problem drinking coded 0-1 as the dependent variable was also performed on these differences. Two multiple logistic analyses were doneone with age, systolic blood pressure, serum cholesterol, relative weight, heart rate, and cigarettes/day as the independent variables, and a second with diastolic blood pressure in place of systolic blood pressure. The t-value for a test of the hypothesis that the coefficient of the logistic regression model for a given variable is equal to zero is also presented in table 1. The adjusted t's are taken from the first model for all variables except diastolic blood pressure, which is taken from the second. All of the significant associations from the univariate analyses are retained in the multivariate analysis except heart rate which just fails to reach significance.
Based on the higher mean levels of systolic and diastolic blood pressure among the problem drinkers, one would expect this group to also have a higher prevalence of elevated or high blood pressure. Using a systolic blood pressure of 160 mm Hg or greater or a diastolic blood pressure of 95 mm Hg or greater to define high blood pressure, 21.1% of the problem drinkers had high blood pressure, while only 13.9% of the rest of the men had high blood pressure. If analysis of covariance is used to adjust these percentages for differences between the two groups in age, relative weight, heart rate, serum cholesterol, and cigarettes/day, the percentages become 22.8 and 13.9 respectively. In neither of these analyses are the results statistically significant, but this is probably a function of the small number of problem drinkers.
Since high blood pressure and smoking are two of the three major risk factors for morbidity and mortality from the adult cardiovascular diseases,' the higher levels of these two variables in the problem drinkers place them at a higher risk of morbidity and mortality than the other men.
(Previous findings in the Gas Company have shown the association between relative weight and cardiovascular mortality to follow a U-shaped curve.6 Thus, the lower relative weights of the problem drinkers also place them at higher risk.) Table 2 presents the baseline means for these same seven variables for the 117 heavy drinkers and the 1,782 nonheavy drinkers from the Chicago Western Electric Company. The heavy drinkers had a systolic blood pressure at baseline which was 9.7 mm Hg higher on the average than that of the others, a diastolic pressure 5.9 mm Hg higher, and smoked an average of 7.1 more cigarettes/day -72.6% of the heavy drinkers were smokers compared to 56.9% among the rest of the men. Each of these differences is statistically significant based on the simple univariate t's. These differences are similar to those found among the problem drinkers in the Gas Company. Unlike the heavy drinkers in the Gas Company, relative weight was higher on the average among the heavy drinkers, but this difference is not statistically significant. Pulse was faster by about 2 beats/min among the heavy drinkers, but this difference is not biologically or statistically significant. For serum cholesterol there was no significant difference noted between the heavy drinkers and the rest of the men. When the differences between the two groups are examined by multiple logistic regression, the associations between blood pressure and alcohol consumption and between cigarettes and alcohol consumption remain statistically significant, as evidenced by the adjusted t's.
Based on a systolic blood pressure of 160 mm Hg or greater or a diastolic blood pressure of 95 mm Hg or greater, the prevalence of high blood pressure was 43.6% among the heavy drinkers and 22.9% among the rest of the men. This difference is highly significant statistically. If these percentages are adjusted by analysis of covariance for differences between the two groups in age, relative weight, pulse, cigarettes/day, and serum cholesterol, the percentages become 41.5 and 23.0, respectively, a difference that continues to be statistically significant.
For the Western Electric cohort table 3 presents a more detailed analysis of the association between alcohol consumption and the three variablessystolic blood pressure, diastolic blood pressure, cigarettes/daythat showed a significant relationship with alcohol consumption when consumption was dichotomized into heavy and not heavy. For this group of men data were also available on the long-term history of alcohol use. It was thus possible to identify 67 men who had stopped drinking prior to the start of the study. Thus, using the maximum consumed, the 1,782 men consuming less than 5 drinks/day are subdivided into former drinkers, teetotalers (zero consumption on each of the three surveys), < 1 drink/day, 1-< 2 drinks/day, 2-< 3 drinks/day, 3-< 4 drinks/day, and 4-< 5 drinks/day. The heavy drinkers are also divided into those consuming 5-< 6 per day and those consuming 6 or more per day. Table 3 shows that mean systolic and diastolic blood pressures both rise with the amount of alcohol consumed. The lowest mean pressures occur among the teetotalers and among those consuming less than one drink/day. The rise in mean blood pressure is fairly linear until one reaches the highest consumption group, where the rise in mean systolic pressure over the next highest group is 5.9 mm Hg and the rise in mean diastolic pressure is 4.8 mm Hg. The differences between the means of the six and over group and the group consuming less than one per day are 15.1 mm Hg for systolic blood pressure and 9.7 mm Hg for diastolic blood pressure. Adjusting these differences for differences between the two groups in age and relative weight reduces the differences in mean blood pressure to 13.0 mm Hg and 7.8 mm Hg, respectively. The adjusted differences between the 5-< 6/ day group and the < 1/day group are 9.1 mm Hg for systolic blood pressure and 5.0 mm Hg for diastolic blood pressure. Thus, each of the two groups that make up the heavy drinkers have substantially higher blood pressures than those who drink little or not at all, and these differences cannot be accounted for by differences in age and relative weight between the two groups.
With respect to cigarette consumption, the teetotalers have a very low mean consumptiononly 22.1% are smokers. The mean number of cigarettes smoked per day rises slowly with alcohol consumption up to those classified as heavy drinkers, where there is a larger rise in cigarette use. The other variables which were examined in the previous analysispulse, serum cholesterol, and relative weightwere also considered in the more detailed analysis. The results showed no association between alcohol consumption and serum cholesterol. Mean pulse began to show a slight rise at four or more drinks per day. Below this level of consumption, the means were the same for each of the groups. For relative weight, the means were the same through the group consuming 3-< 4 drinks/day. Beyond this level, the results were not consistent. The group with the highest mean relative weight was the group consuming 6 or more per day, but the group with the lowest mean relative weight was the group consuming 5-< 6/day, the means being 122.2 and 113.7, respectively.
Alcohol and Long-term Mortality Table 4 presents 15 year mortality rates by drinking status for the Chicago Peoples Gas Company cohort. The rates are age-adjusted by analysis of covariance, utilizing the SPSS ANOVA program, and the multiple classification analysis option. Where appropriate, t-values from the analysis of covariance are given for a test of the hypothesis that the rates are the same for the two groups. The relative risk of death among the problem drinkers is also presented. (In this study relative risk is calculated by the formula, [R,/R2].[(1000-R2)/(l000-R1)], where R1 and R, are the mortality rates per 1,000 population in the two groups. For a discussion of why this measure of relative risk is superior to R,/R,, see reference 7.) The problem drinkers have a significantly higher mortality rate for the several causes of death, except cancer. The highest relative risk for the problem drinkers is for sudden death. Sudden death in the Gas Company was defined as death within one hour of onset of symptoms. In the Western Electric study, the criterion for sudden death was death within three hours of onset of symptoms.
For Western Electric table 5 presents the 10 year mortality rates age-adjusted by analysis of covariance for the 67 former drinkers, the 117 heavy drinkers, and the remaining 1,715 men. The highest mortality rate occurred among the ex-drinkers. Their rate for death from all causes is more than four times the rate among the 1,715. Those who stop drinking, whether originally light or heavy, presumably do so for reasons of health. Compared to the 1,715, the heavy drinkers have significantly higher rates for all causes of mortality and for mortality from cancer and other causes. Although the heavy drinkers have higher rates for both cardiovascular-renal diseases and coronary heart disease, these differences are not statistically significant when compared to rates of the 1,715.
The association between mortality from all causes and alcohol consumption was also examined in greater detail in Western Electric, analagous to the results presented in table 3. Table 6 presents the 10-year all cause mortality rates ageadjusted by analysis of covariance for the various levels of alcohol consumption for the Western Electric cohort. The results show essentially no increase in mortality with alcohol consumption until one reaches 5 or more drinks/day, at which point the mortality rate essentially doubles. For the three individual surveys, the mortality rates were comparable for those drinking five or more drinks per day, the age-adjusted rates being 153.4 for the 1958 physical exam (56 men), 174.0 for the 1959 physical exam (46 men), and 144.4 for the nutrition survey (50 men). For each of the individual surveys, the rate in the highest group was also more than double the rate in the next highest group, i.e., the group drinking 4 or more per day but less than 5.
These univariate mortality findings and the indicated associations between blood pressure and alcohol consumption, and between cigarettes and alcohol consumption pose the important question: How much of the increased mortality among the problem drinkers in the Gas Company and among the heavy drinkers in the Western Electric Company is attributable to the higher levels of these and other risk factors? Table 7 presents the results of an analysis of this matter for the problem drinkers in the Gas Company. The first column in this table gives the expected number of deaths among the problem drinkers based on the rates among the cohort as a whole, ignoring drinking status. The second column gives the expected number of deaths in the 38 problem drinkers based on their baseline values for age, diastolic blood pressure, heart rate, serum cholesterol, relative weight, and cigarettes/day. The coefficients for the logistic regression model were estimated for the cohort ig- noring drinking status, and then these coefficients were used to calculate a probability of death for each problem drinker based on the values of his baseline variables. These individual probabilities were then summed to give the number of expected deaths. (For cause-specific mortality the competing risk logistic discrimination model was used8.) Based on the levels of their risk factors, the problem drinkers could be expected to have mortality rates from all causes 50% higher than the entire cohort, 45% higher for cardiovascular-renal causes, and 65% higher for coronary heart disease. Over and above the excess mortality attributable to these risk factors, there remains a substantial excess from all causes, cardiovascular diseases, coronary heart disease, and sudden death that cannot be explained. This excess mortality ranges from 62% for death from all causes to 158% for sudden death. Table 8 presents a similar analysis for the heavy drinkers in the Western Electric study. The first column of expected deaths was calculated from the mortality rates in the heavy and nonheavy drinkers combined. The second column of expected deaths was calculated from the logistic models fitted to the entire cohort, with ex-drinking included as a 0-1 variable. A comparison of the numbers of expected deaths for all cause mortality shows that the differences in the risk factors at baseline raise the expected mortality rate among the heavy drinkers by 47%. Although the risk factor differences account for some of the excess mortality among the heavy drinkers, there remains an additional excess of 56% that cannot be explained by the differences in age, diastolic blood pressure, relative weight, pulse, serum cholesterol, and cigarettes/day. Among the problem drinkers in the Gas Company, the excess mortality is due primarily fo cardiovascular diseases, whereas in the Western Electric study the excess mortality among the heavy drinkers is due primarily to noncardiovascular causes. In each study a logistic analysis was also performed with age, diastolic blood pressure, serum cholesterol, cigarettes/day, relative weight, and heart rate or pulse in the model in addition to a variable coded 0-1 for heavy alcohol consumption. In the Gas Company, with the other variables controlled, problem drinking was significantly related to mortality from all causes, cardiovascular diseases, coronary heart disease, and sudden death. In the Western Electric study, heavy drinking was significantly related to mortality from all causes and noncardiovascular causes, but not to cardiovascular causes or coronary heart disease. 
Discussion
The results of these two studies are consistent in showing an association between heavy alcohol intake and increased blood pressure. Analyses from Framingham" showed no association between alcohol consumption and blood pressure when alcohol consumption was broken down into the groups: no intake, occasional, moderate, or heavy. However, when the heavy group was further subdivided to identify those consuming more than 100 ounces of alcohol per month, the mean systolic pressure of this group was about 7 mm Hg higher than that of the entire cohort. This difference is similar to that found for the Gas Company problem drinkers and the Western Electric heavy drinkers, compared to all others in each of these two cohorts. In a study of 922 men identified as problem drinkers working for the Du Pont Company, Pell and D'Alonzo'0 found a prevalence of hypertension among the problem drinkers 2.3 times as great as that of the controls, based on a systolic pressure _ 160 or a diastolic pressure 2 95. Klatsky, Siegelaub, Friedman, and Gerard"' found a significant relationship between the amount of alcohol consumed and blood pressure among men in the Kaiser-Permanente study. Among Copenhagen men age 40-59,12 the differences in systolic and diastolic blood pressure between those consuming six or more drinks per day and those consuming less were 8.0 mm Hg and 4.5 mm Hg, respectively. These differences are comparable to those reported here from the Gas Company, but somewhat lower than those reported for those consuming 6 or more drinks/day from the Western Electric study. Thus, although studies in mice and dogs have shown a decrease in blood pressure with chronic ingestion of alcohol,"3 14 the findings documented in the present report corroborate those from other epidemiological studies on an association between heavy alcohol consumption and increased blood pressure and prevalence of hypertension in man.
Whether the effect of alcohol on blood pressure is transient or long-term is not entirely clear. In the Framingham No 6, DECEMBER 1977 Study,9 individuals reported having a drink just prior to the physical examination, thus raising the question as to whether or not the higher blood pressures in heavy drinkers might be an acute effect. Grollman" noted that among nondrinkers small amounts of alcohol caused transient elevations in cardiac output, pulse, and blood pressure, and larger doses further elevated blood pressure and increased cardiac output. Among habitual drinkers the rises in blood pressure and cardiac output acutely were smaller. The findings of Pell and D'Alonzol°suggest that the effect of alcohol on blood pressure is long-term rather than transient, since recovered alcoholics in that study had a higher prevalence rate of hypertension than the controls, although the differences were smaller than those between the known alcoholics and controls. No data in the present studies were available for the examination of this question.
With respect to the other risk factors considered in this report, only cigarette smoking was significantly related to heavy alcohol intake in both studies. An association between heavy alcohol consumption and cigarette smoking was also noted in Framingham'6 and by Schmidt and de Lint.17 The problem drinkers in the Gas Company had significantly lower relative weights than the rest of the men, while the heavy drinkers in Western Electric had slightly higher relative weights than the rest of that cohort. Mean heart rate was significantly higher among the problem drinkers in the univariate analyses, but when this difference was adjusted for the other variables, particularly blood pressure, it was no longer statistically significant. In the Du Pont Company study, Pell and D'Alonzo"°found the prevalence of pulses above 90 beats/min significantly higher among the problem drinkers than the controls. The fact that the recovered alcoholics in this study had only a slightly higher prevalence of pulses above 90 than the controls suggests that if heavy alcohol intake is associated with increased heart rate, this association may be reversible with abstinence from alcohol.
Neither study showed an association between high alcohol intake and serum cholesterol. This finding merits comment from two aspects: first, it is reasonable to postulate that autopsy studies reporting less atherosclerosis in derelict alcoholics, based on material from three or more decades ago'8, dealt with undernourished alcoholics whose serum cholesterol levels were likely for nutritional reasons to be sizably lower on the average than those of men of the same age from the population at large. Apparently, even problem drinkers today, at least those able to remain gainfully employed, have nutritional patterns resulting in serum cholesterol levels similar to American men generally. On the other hand, evidence is available indicating that heavy drinkers might be expected to develop higher levels of serum cholesterol than those present in persons using alcohol moderately or not at all. Thus, metabolic data indicate that alcohol leads to increased synthesis of cholesterol.'9 Furthermore, an association has been repeatedly reported between sizable alcohol intake and hyperprebetalipoproteinemia (high levels of plasma very low density lipoproteins), with associated high levels of serum triglycerides and cholesterol.20' 21 Given this presumed phenomenon, it is unclear why higher mean serum cholesterols were not observed in heavy drinkers in either of the cohorts reported on here, unless this associatio'n is not really ethanol specific, but rather related to caloric balance. In this regard, it is noteworthy that the problem drinkers in the Gas Company had a mean relative weight that was significantly lower than that of the rest of the cohort.
Epidemiological studies in the United States and Canada have been highly consistent in showing an association between alcohol consumption and all cause mortality, and between alcohol consumption and mortality from specific types of cancer. The evidence for an association with certain types of cancers is quite strong and has been reviewed thoroughly."2 With respect to all cause mortality, Schmidt and de Lint7' 23 found that the mortality rate among alcoholics admitted to addiction treatment facilities from 1951 to 1964 in Toronto was 2.03 times the rate for the general adult population in Toronto. The California Division of Alcohol Rehabilitation"2 in a follow-up study of treated alcoholics found an overall mortality rate among the alcoholics 2.36 times as great as the rate in the general population. In the Du Pont Company study,'5 the problem drinkers had a 5-year mortality rate 3.22 times that of the controls. Data from Framingham22 showed that those consuming 50 or more ounces of alcohol per month and abstainers each had the highest all cause mortality rates. In contrast to these U.S. findings, Dahlgren26 found no excess mortality among alcoholics in Sweden from 1939 to 1947. Thus, the findings of an association between problem drinking and all cause mortality in the Gas Company, and between heavy drinking and all cause mortality in Western Electric corroborate the generally positive findings of other U.S. and Canadian epidemiological studies. In addition, these two studies showed that this excess mortality was not entirely explained by differences in age, diastolic blood pressure, heart rate or pulse, serum cholesterol, relative weight, or cigarettes/day between the heavy drinkers and the others in each of the cohorts.
Although the epidemiological evidence of an association between all cause mortality and alcohol consumption is quite strong, this is not the case with respect to the findings on alcohol consumption and morbidity and mortality from cardiovascular diseases and coronary heart disease. Among studies on mortality of alcoholics who are part of rehabilitation and treatment programs, Schmidt and de Lint7' 23 found the alcoholics with 1.74 times the mortality from arteriosclerotic and degenerative heart disease as the general adult population of Toronto. However, the alcoholics followed by the California Division of Alcohol Rehabilitation"2 had a cardiovascular disease mortality rate which was only 58% of the rate in the general population. In addition, Dahlgren26 found no excess cardiovascular mortality among the alcoholics in his Swedish study.
Among studies relating reported alcohol consumption to cardiovascular diseases, Framingham16 found no association between alcohol consumption and coronary heart disease, congestive heart failure, or intermittent claudication. In a case-control analysis, the Kaiser-Permanente Epidemiologic Study'7 showed a significant negative association between alcohol consumption and myocardial infarction. Data from the Tecumseh Health Study22 showed the former drinkers with the highest rates of coronary heart disease. There was little or no difference in CHD rates among nondrinkers, light drinkers, and those consuming an average of four or 1072 CIRCULATION ALCOHOL, RISK FACTORS, AND MORTALITY/Dyer et al.
more ounces of absolute alcohol per week. The results of the Los Angeles Heart Study22 also showed no association between heart disease and alcohol consumption. In a study of male twin pairs in Sweden and the United States,28 heavy consumption of alcohol based on the occasional consumption of one pint of whiskey, two bottles of wine, or four quarts of beer, was found to be related to an increased prevalence of angina pectoris in both countries. Among U.S. twin pairs discordant on heavy drinking, the relative risk of angina with heavy alcohol consumption was 2.2 for monozygous twin pairs and 1.7 for dizygotic twin pairs. In Western Electric, although the heavy drinkers had higher rates of mortality from the cardiovascular diseases and coronary heart disease, the differences were not statistically significant.
Among those studies that examined cardiovascular disease among problem drinkers or the intemperate, Pell and D'Alonzo20 found the Du Pont Company problem drinkers with a 5-year cardiovascular mortality ratio of 2.28. This excess cardiovascular mortality could not be attributed to the higher prevalence of hypertension at baseline among the problem drinkers. For the problem drinkers in the Chicago Peoples Gas Company study, the mortality ratios for cardiovascular-renal disease, coronary heart disease, and sudden death were 3.24, 3.99, and 5.50, respectively. In a 10-year longitudinal study of 50-year old men in Sweden, Wilhelmsen, Wedel, and Tibblin29 found that heavy alcohol consumption based on registration with the Swedish Temperance Board was significantlyindependent of blood pressure and smokingrelated to the development of nonfatal acute myocardial infarction and sudden death from CHD. Thirty-nine per cent of the men who developed CHD during the study had at some time been registered with the Temperance Board, while only 20% of the others had ever been registered.
Thus, the findings of the epidemiological studies on the association between heavy alcohol intake and cardiovascular diseases range from the significantly negative results of the Kaiser Study27 to the significantly positive results of the study by Wilhelmsen, Wedel, and Tibblin29 and the Gas Company and Du Pont Company studies. Why are the results of these studies so inconsistent? Part of the answer to this question may lie in the nature of the individuals studied and in the way alcohol consumption has been assessed. The cited studies fall generally into three categoriesthose that relate CHD to the reported amount of alcohol consumed per week or per month, those that relate CHD to problem drinking or alcoholic intemperance, and those that compare the CHD mortality rates of alcoholics who are part of rehabilitation and treatment programs with the CHD rates in the general population. The individuals represented by these categories may be quite distinct, e.g., the heavy drinker in Western Electric or Framingham may be quite unlike the problem drinker in the Gas Company or the Du Pont Company, who in turn may be quite dissimilar to an alcoholic in a rehabilitation or treatment program. Given the marked divergence of the results of the Toronto and California studies on alcoholics in treatment programs, it is not even clear whether or not the individuals studied are similar within categories.
Among those studies which examined reported alcohol consumption and CHD, the only positive findings were those of the twin study.28 All other studies in this category showed either no association or a significant negative association. Although the lack of positive findings in this category may reflect the truth, this outcome may also be due to other causes. For example, the nonsignificant results in Western Electric may be due to a paucity of numbers rather than to the lack of a real association. In addition, the definition of heavy drinking has varied widely, e.g., in Western Electric the cutpoint for heavy was about 100 ounces of alcohol per month, in Framingham 50 ounces, and in Tecumseh, 16 . The positive results in the three studies on problem drinkers and the intemperate offer the possibility that alcohol consumption may be related to increased risk only at extreme levels of consumption, with moderate use showing no increase in risk. The Western Electric data lend some support to this possibility, since there was no increase in all cause mortality with increasing alcohol consumption until one reached the level of 5 or more drinks/day. Thus, the possibility exists that studies which have utilized reported amount consumed have not accurately isolated the increased risk heavy drinker, either through the use of too low a cutpoint or through inaccuracies in the way the amount consumed was reported. In Western Electric three different questionnaires were used for the characterization of heavy and we were able to show an association with mortality from all causes above 5 drinks/day. The two studies on problem drinking in industry, i.e., the Du Pont Company study and the Gas Company study reported here, as well as the study of Wilhelmsen, Wedel, and Tibblin,29 were consistent in showing a positive association between problem drinking and cardiovascular disease. However, even the positive findings of these studies must be viewed with some caution. Are the findings on coronary death real, or are they artifactual, based on an incorrect diagnosis of death? Heavy alcohol consumption might be associated with coronary like clinical syndromes and sudden death from causes other than severe atherosclerosis. For the Gas Company, the cause of death coding was based primarily on the death certificate, and on autopsy data and hospital records only when available. Thus, the Gas Company results could be due to an incorrect diagnosis of death.
Although the epidemiological evidence on the role of alcohol in the etiology and epidemiology of the atherosclerotic diseases is inconclusive, most clinicians seem to now agree that excessive use of alcohol has deleterious effects on the heart.30 31 Before bread was enriched with B vitamins, alcoholics tended to develop heart disease due to nutritional deficiencies, e.g., beri-beri.30 However, beri-beri is now very uncommon in the United States and occurs only in alcoholics with almost no intake of solid food. Today, the clinician is often confronted by an individual with heart muscle damage who has consumed large amounts of alcohol over a long period of time, has a good job, and eats amply.20
As a result of such encounters, there is a growing body of literature on so-called alcoholic cardiomyopathy, or alcoholic heart muscle disease, the symptoms of which have been described. 30 3 In addition to these clinical findings on the effects of alcohol on the heart, animal experimental studies on the effects of alcohol ingestion on mice and dogs34 35have shown that excessive alcohol intakeeven in 1073 1074 CIRCULATION the presence of an adequate dietcan damage the myocardium, and that, in fact, alcohol is a cardiotoxin. Furthermore, these results35 suggest that the toxic effect of alcohol on the heart is cumulative.
While the clinical and animal experimental evidence indicate that excessive use of alcohol can damage the heart, it is not clear whether or not there is any association between such damage to the heart muscle and coronary artery atherosclerosis. Autopsy studies have tended to show chronic alcoholics with less atherosclerosis than nonalcoholics,36 and these results have been viewed as suggesting that chronic alcoholism or cirrhosis of the liver might be protective against the development of atherosclerosis. However, Wilens'l and others37 have pointed out that the lower prevalence of atherosclerosis among alcoholics at necropsy was not attributable to alcoholism perse, but was due to associated differences in such variables as age and blood pressure.
The precise nature of the role, if indeed there is one, between excessive use of alcohol and the process of atherogenesis remains to be elucidated. It is, however, clear that heavy alcohol intake is related to both increased blood pressure and the prevalence of high blood pressure.
